Purpose: To determine whether total radiation dose affects survival outcomes for patients with small cell carcinoma of the bladder (SCCB). Methods: We queried the National Cancer Database (NCDB) for patients with limited stage SCCB undergoing multimodality treatment and retrospectively analyzed survival outcomes according to total radiation dose received. Results: Patients aged 41-79 receiving a total radiation dose of 54 Gy or greater had a significant improvement in overall survival compared to those receiving less than 54 Gy, with a median overall survival of 58.9 months (95% confidence interval [CI] 37.2-80.6 months) compared to 21.5 months (95% CI 15.2 -27.8 months) (p < 0.05). There was no difference in outcomes for patients receiving between 54 and 60 Gy compared to those receiving 60 Gy or higher. There was also no difference in outcomes based on total radiation dose for patients 80 years and older. Conclusions: For patients aged 79 or younger with limited stage SCCB, total radiation dose of 54 Gy or greater is associated with better overall survival.
INTRODUCTION
Small cell carcinoma of the bladder (SCCB) is a rare and aggressive disease estimated to comprise <1% of all urinary bladder cancers [1] [2] [3] [4] [5] [6] [7] . It is most commonly diagnosed in white, elderly males [2-6, 8, 9] and has a significantly worse prognosis compared to urothelial bladder cancer. A recent population-based analysis using the Surveillance, Epidemiology, and End Results (SEER) database reported a median overall survival of 12 months for all patients [10] . Given the infrequency of SCCB and lack of prospective clinical trials, most evidence for treatment strategies has been drawn from retrospective studies and extrapolations from treatment of small cell carcinoma in other disease sites. While radical cystectomy is considered to be definitive local therapy for SCCB, recent studies have shown that similar to treatment of small cell carcinoma of the lung, systemic chemotherapy, particularly in the neoadjuvant setting, can improve survival compared to local therapy alone [11, 12] . Long-term survivors have also been described with a bladder-conservation approach combining chemotherapy with definitive local radiation treatment [13] [14] [15] [16] [17] . It is difficult to compare these strategies head-to-head without a prospective study, but either cystectomy or radiotherapy are recommended as definitive local treatment according to the current National Cancer Care Network (NCCN) guidelines for bladder cancers with the much less common small cell histology [18] .
While most retrospective studies that have utilized definitive radiotherapy report total doses between 56 and 70 Gy [6, [13] [14] [15] [16] [17] , there are have been no published studies that specifically address the optimal dose of radiation for these patients. Furthermore, small sample sizes have limited the ability to compare outcomes based on radiation dose. In this study, we used the National Cancer Database (NCDB) to analyze a large cohort of patients who received chemoradiation for SCCB, with the goal to evaluate whether total radiation dose correlated with overall survival.
MATERIALS/METHODS

Data source and study population
The NCDB Participant User File was queried for de-identified data from 2004 and 2013 for patients 18-90 years of age diagnosed with small cell carcinoma of the bladder [International Classification of Disease for Oncology, 3rd edition (ICD-0-3) codes 8002, 8041, and 8043] The NCDB is a joint program of the American College of Surgeons and the American Cancer Society. Data from approximately 70% of patients diagnosed at Commission on Cancer accredited cancer centers is included and includes patient, tumor, and treatment characteristics. Data elements are collected and submitted to the NCDB from commission-accredited oncology registries using standardized coding and data item definitions, including some details not available from SEER, such as radiotherapy dose/technique, chemotherapy use/timing, and comorbidity. The Participant User File contains de-identified patient and center information and was exempt from Institutional Review Board review.
We limited our analysis to patients with muscle invasive disease and clinically negative lymph nodes (cT1-4 N0) who received radiation therapy to the bladder or pelvis (Radiation Treatment Volume codes 29 and 34) in conjunction with chemotherapy (including both single and multi-agent therapy). Patients with metastatic disease and incomplete treatment data were excluded. All patients underwent transurethral resection of bladder tumor (TURBT) for pathologic diagnosis and prior to definitive treatment. Total radiation dose received was defined as the sum of the regional dose delivered plus any boost dose. Fourteen cases were excluded because the total dose calculated was less than 40 Gy or greater than 80 Gy which likely represented either palliative treatment or potential coding errors.
Statistical analysis
The Pearson chi square test was used to compare baseline characteristics of patients receiving either a higher (greater than or equal to 54 Gy) or lower (less than 54 Gy) total radiation dose. Overall survival (OS) was estimated using the Kaplan-Meier method, calculated from diagnosis until death, censoring at last follow-up for patients who were alive. The log-rank test was used to determine whether survival curves were statistically different, defined as a p value <0.05. SPSS Statistics v.24 (IBM Corporation; Armonk, New York) was used for all statistical analyses.
RESULTS
One hundred and eighty patients were identified with SCCB that received chemoradiation and met the inclusion criteria described above. Median follow-up was 24.8 months (range, 3.7 to 131.6 months). Consistent with previously reported demographic data, patients tended to be older, male, and white. Forty-four (24.4%) patients received a total radiation dose of less than 54 Gy (low-dose), and 136 (75.6%) patients received a total dose of greater than or equal to 54 Gy (high-dose), with a range from 40.0 to 77.4 Gy. Most patients received a total dose between 45 and 64.8 Gy, with the most common regional dose (i.e. before boost) being 45 Gy (Fig. 1) . A summary of baseline characteristics for patients receiving low-dose versus high-dose radiation is provided in Table 1 . There was no statistically significant difference between the two groups for any of the characteristics analyzed, with the exception of clinical T stage; more patients who received high-dose were assigned a stage of T1 (24.3% compared to 6.8% for the lower dose treatment group). However, even when these cases months), with estimated 3-and 5-year OS rates of 50% and 38%, respectively (Fig. 2) . Median OS for patients treated to 54 Gy or higher was 42.8 months (95% CI 19.0 to 66.6 months), while the median Fig. 2 . Kaplan-Meier analysis for OS of entire cohort. Median OS was 34.8 months (n = 180), with estimated 3-and 5-year OS rates of 50% and 38%, respectively. Fig. 3 . Kaplan-Meier analysis for OS of patients receiving total radiation dose <54 Gy or ≥54 Gy. Median OS for patients receiving ≥54 Gy was 42.8 months, compared to 21.5 months for patients receiving <54 Gy (p = 0.068).
OS for patients receiving less than 54 Gy was 21.5 months (95% CI 16.5 to 27.7 months) (Fig. 3) . The difference in median survival for these two treatment groups trended toward statistical significance (p = 0.068).
Stratifying total radiation dose by age group, median OS was significantly increased with a higher radiation dose for patients 41-79 years old (median OS 58.9 months, 95% CI 37.2-80.6 months, compared to median OS for patients receiving a lower dose of 21.5 months, 95% CI 15.2-27.8 months, p = 0.019) (Fig. 4A ), but the difference was not statistically significant for patients 80 and older (p = 0.819) (Fig. 4B) . Notably, in patients aged 41-79 receiving 60 Gy or higher, there was no difference in survival compared to patients receiving between 54 and 60 Gy (p = 0.291) (Fig. 4C) . When age groups were further segregated by comorbidity score, a trend for improvement in OS with higher radiation dose was still observed for younger patients with no comorbidities (median OS 58.9, 95% CI 23.0-94.8 months; p = 0.051) (Supplemental Figure 1) .
DISCUSSION
The low incidence of small cell bladder cancer has precluded randomized controlled trials to establish optimal treatment strategies. One prospective trial [15] and a number of retrospective studies [6, 13, 14, 16, 17] have suggested that reasonable outcomes can be achieved with a bladder-conservation strategy of chemotherapy plus definitive dose local radiation for patients with limited-stage disease. However, there have been no published studies that specifically address the optimal dose of radiation.
Here, we report an analysis of NCDB data directly comparing survival of patients with limited stage SCCB undergoing multimodality treatment, according to radiation dose received. There are several advantages to using this cohort; first, it includes a relatively large number of patients spanning multiple treatment centers and includes a modern era of treatment. The patients included in the analysis tended to be white males, with a mean age of 72.1 years, in agreement with previously published epidemiologic data [2-6, 8, 9] . Prognosis of patients undergoing chemoradiation was also comparable with an overall median survival for the entire cohort of 34.8 months and an estimated 5-year overall survival rate of 38.0%. Reported median survival in the literature for limited-stage SCCB with treatment ranges from 7-159 months [11, 12, 19] , while studies specifically considering bladder-preservation therapy have described a median survival of 15-41 months [6, 14, 15, 17] . Fig. 4 . Kaplan-Meier analysis for OS stratified by age. A. Median OS for patients age 41-79 receiving ≥54 Gy was 58.9 months; median OS was 21.5 months for patients receiving <54 Gy (p = 0.019). B. There was no statistically significant difference in median OS for patients 80 and older receiving ≥54 Gy compared to <54 Gy (15.9 months versus 19.0 months, respectively, p = 0.819). C. For patients age 41-79, there was no statistically significant difference in median OS for total dose ≥60 Gy (55.4 months, n = 54) compared to total dose ≥54 Gy and <60 Gy (68.1 months, n = 46; p = 0.291).
Analysis of our cohort of patients receiving radiation therapy in conjunction with systemic chemotherapy demonstrated a statistically significant benefit of higher total doses for patients younger than 79 years, with a median OS of 58.9 months (versus 21.5 months for those receiving a lower total dose). While total dose of 54 Gy or greater was beneficial in this group, patients who received 60 Gy or greater did not gain any additional improvement in overall survival, but given the small number of patients it is unlikely that the data is powered to detect a change such as this. This is notable since a review of the literature indicates that it is not uncommon for patients to receive total doses greater than 60 Gy and as much as 70 Gy [13] [14] [15] [16] [17] . Our analysis suggests that similar outcomes might be achievable with a lower dose and therefore possibly allow for less acute and long-term toxicities.
Age greater than 79 years carried a worse prognosis in general, and for these patients, total radiation dose did not significantly impact overall survival, regardless of comorbidity score. However, it is likely that this group of patients included many who were poor surgical candidates, and it is difficult to conclusively say whether lower dose radiation therapy could replace radical cystectomy for elderly patients otherwise qualified to have definitive surgical treatment. Elderly patients may have also received less aggressive chemotherapy regimens or had other factors carrying a worse prognosis not captured in our database. Still, these data suggest that doses lower than 54 Gy might be reasonable in order to avoid unnecessary toxicity in elderly patients with SCCB whose best option is chemoradiation.
An important consideration when analyzing retrospective data is selection bias; younger, healthier patients tend to be treated more aggressively, and indeed we found that the presence of comorbidities significantly impacted survival in our multivariate analysis. However, we still observed a significant effect of radiation dose when limiting analysis to younger patients with no comorbidities. While selection bias cannot be completely eliminated in a retrospective analysis such as this one, these data suggest that radiation dose may indeed be an independent predictor of survival for younger patients undergoing bladder-preservation with chemoradiation therapy.
While this is still one of the larger analyses performed to date, our study is limited by constraints of database queries. Specifically, we do not have data for chemotherapy regimens and dosing, which is a potential confounder. We also were unable to address fractionation of radiation dose in this analysis. Regardless of dose, patients were most likely to receive either photon therapy or IMRT compared to conformal/3D-RT. The percentage of patients in each group receiving these different treatment modalities was similar and therefore unlikely to skew our results based on toxicities inherent to treatment modality. Notably, we only considered the primary endpoint of overall survival, and not disease-related mortality; we were also unable to take into account the influence of radiation dose on factors such as adverse events and quality of life. Lastly, when we searched the database, we captured all of the included patients which met eligibility criteria for combined chemoradiation therapy. We specifically did not exclude surgery following chemoradiation from our criteria because we wanted to capture outcomes of all patients treated with definitive chemoradiation including those who may have failed and gone on to salvage surgery. Two patients in our cohort underwent radical cystectomy after definitive intent chemoradiation.
Our results suggest that further investigation of outcomes based on radiation dose for SCCB would be of utility. Based on our analysis, for patients age 79 or under receiving chemoradiation as part of a bladderconservation approach, we recommend considering a total radiation dose between 54 and 60 Gy. For patients older than 79, our analysis did not correlate higher doses with improved overall survival, possibly due to other comorbidities inherent to elderly patients not captured in our database. Given the rarity of this disease we feel that the literature and our own analysis continue to support an individualized approach to treatment, which optimally would include either neoadjuvant or induction chemotherapy followed by definitive local therapy with either surgery or chemoradiation.
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